The influence of the gastrointestinal microflora on the digestibility and biological value of casein was investigated in germ-free (GF) and conventionalized (Cvd) Fischer 344/Yit rats fed an 8% casein diet. There was no significant difference in the true digestibility of casein between GF and Cvd rats, but the apparent digestibility was higher in Cvd than in GF rats. The biological value of casein was significantly higher in GF than in Cvd rats. In the casein diet period, body weight gain was almost the same in GF and Cvd rats, but food intake was significantly greater in Cvd than in GF rats. The excretion of fecal N was similar in GF and in Cvd rats whereas more urinary N was excreted in Cvd than in GF rats. In the protein-free diet period, metabolic fecal N per 100g of food intake was significantly higher in GF than in Cvd rats, but there was no difference in the excretion of endogenous urinary N per 100 grams of body weight between the GF and Cvd rats. The results indicate that the presence of a gastrointestinal microflora does not influence the true digestibility, but increases the apparent digestibility and decreases the biological value of casein at an 8% level in the diet. Key Words casein, germ-free rat, conventionalized rat, biological value, digestibility, endogenous urinary nitrogen, metabolic fecal nitrogen
The feces and urine were analyzed for N by the Kjeldahl method. Statistical analysis. The data from the GF and Cvd rats were analyzed for significance by the Student's t-test. A. IWABUCHI et al.
RESULTS
The bacterial flora of the feces of Cvd rats is shown in Table 2 . Enteric bacteria in the feces of Cvd rats fed the 8% casein diet (experimental diet) were significantly more numerous than in those fed the 18% casein diet at the end of the pre-feeding period.
The results of the N balance test in GF and Cvd rats are shown in Table 3 . In the protein diet period, body weight gain was almost the same in both groups . Food intake was significantly greater in Cvd than in GF rats .
Apparent digestibility of casein was significantly higher in Cvd rats , but true digestibility did not show a significant difference between the two groups . The biological value of casein was markedly lower in Cvd than in GF rats .
In protein diet period, fecal N excretion was not significantly different between the two groups. On the other hand, significantly more urinary N was excreted by Cvd rats than by GF rats.
Metabolic fecal and endogenous urinary N excretion in both GF and Cvd rats are shown in Table 4 . The mean values of the pre and post-protein-free diet periods were significantly higher in GF than in Cvd rats, but there was no difference in endogenous urinary N excretion. In the pre-protein-free diet period , food intake and metabolic fecal N excretion were significantly higher in GF than in Cvd rats , but in the post-protein-free diet period, the same difference as above was found only in metabolic fecal N. 
DISCUSSION
Comparing the present results with the previous ones (3), the biological value of casein that is regarded as reasonable is almost the same in Cvd rats. However, the present value for GF rats is significantly higher than that for Cvd rats.
The biological value of protein is assumed to decrease with aging. The rats were approximately 224 days old in the previous experiment and 42 days old in the present one, but differences with aging were not found in the Cvd rats. Yamanaka and Nomura (2) reported on the biological value of egg protein in rats, in which differences between GF and CV rats were not found, unlike our present results. The reason for the discrepancies is not clear, except for the protein source, owing to the deficit of basal data for determining biological value. Further detailed studies are needed.
In our previous report (3), in contrast to the present results, the biological value was almost the same in GF and Cvd rats. We assume that this is due to the abnormal condition of the former GF rats. As already mentioned, hair balls were found in the stomachs of the GF rats in the previous study resulting in fairly high fecal and metabolic fecal N content. The metabolic fecal N content/100g of food intake is always higher than in GF, because of the absence of microbial decomposi tion of the intestinal contents.
The biological value of protein is determined on the basis of the absorbed N. The presence of the hair ball itself as indigestible material cannot directly affect the biological value of the protein. However, endogenous urinary N/100g of body weight in GF rats as a characteristic of the protein nutritional state was significantly less than in Cvd rats (3).
Consequently, the presence of the hair ball in the stomach of GF rats might affect the protein metabolism and decrease the biological value of the protein. This assumption is to be investigated in future.
The finding that the biological value of protein is higher in GF than in Cvd rats is very interesting as a sign of differences in protein metabolism between the two kinds of rats. As previously reported (5) the 3-methylhistidine content of the urine/ 100g of body weight was higher in Cvd than in GF rats on both protein and protein-free diets, indicating a difference in muscle protein degradation. These two facts are probably related with each other.
Our previous results (3) showed that both the apparent and the true digestibil ity of casein are higher in Cvd rats than in GF rats fed an 8% casein diet. Yamanaka and Nomura (2) demonstrated that the true digestibility of egg protein is greater in CV rats than in GF rats given a dietary protein level of 15%, but there is no difference at the 2.5-10% level. The gastrointestinal microflora has not been found to influence the amino acid composition or the ratio of protein N to total N in the contents of the small intestine, but they do differ in the large intestine (6, 7). The gastrointestinal microflora, as is well known, is more active in the large intestine than in the small intestine; therefore the influence of the gastrointestinal microflora on digestion is found mainly in the large intestine of the rat (8, 9).
Food residues and endogenous substances are degraded by the gastrointestinal microflora. Salter (10) stated that incomplete digestion may come under the influence of bacterial proteases and yield free amino acids. Zebrowska (11) observed that hydrated casein introduced into the ileac canal in pigs was absorbed in the large intestine, but is completely excreted in the urine as urea. In our experiments, the amount of N level in the 8% casein diet passing into the cecum may have been lower than that in a diet with a protein content adequate or higher for the dietary requirement for rats. This may indicate that when fed a low protein diet such as casein of high digestibility, the N from the diet is almost all absorbed in the small intestine; therefore, the gastrointestinal microflora in the cecum might have no apparent effect on fecal N excretion.
Our result that urinary N excretion is greater in Cvd rats than in GF rats fed the protein diet is consistent with those of Levenson and Tennant (12) and Combe (13). Combe et al. (14) reported that large amounts of urea and free amino acids were found in the contents of the cecum in GF rats. In feces, there were more urea, peptide and free amino acid in GF than in Cvd rats (15). This would be the consequence of bacterial ureolysis (16), resulting from deamination with subse quent production of ammonia. Warren and Newton (17) reported higher concen trations of ammonia in the portal blood of CV than in GF guinea pigs. Absorbed ammonia is ultimately synthesized to urea and a part of the urea is secreted into the lumen of the gastrointestinal tract to recycle; thus the products of the gastrointes tinal microflora formed from N compounds in the gastrointestinal tract may enable continuous excretion in the urine.
Harmon et al. (18) reported that excretion of metabolic fecal N was less in GF rats than in CV rats. In our study, in contrast, metabolic fecal N excretion was greater in GF than in CV rats.
In GF rats, the feces contain endogenous materials such as trypsin, chymo trypsin (19), mucoprotein (20, 21), and urea (15), whereas in CV rats these materials are broken down in the cecum by the gastrointestinal microflora and absorbed by the host. The urea in the gastrointestinal contents is hydrolyzed into ammonia by the action of gastrointestinal bacteria and utilized partly in the synthesis of bacterial amino acids (22) and tissue proteins in pig (23) . In this study, the urinary N excretion was the same in both GF and Cvd rats fed the protein-free diet; therefore part of the ammonia produced by action of the gastrointestinal microflora may be retained in the host. 
